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I VEXTURE to address this gathering of geneticists and 
zoologists with an exhilaration engendered by a sense of 
the daring involved in an excursion into well-explored 
fielcls of knowledge remote from those iiito which nly own 
work has extended. I trust, however, you will forgive 
this excursion or incursion, as it is illtended more to re- 
mind you of progress already umcle in your fielcls aloug 
in~i~~ui~ocliei~iica.1 lines, rather tliaii to suggest the aclop- 
tion of wliolly foreign techniques and ideas. 

However, before reviewing these applications, it might 
be well to describe again in modern cheniical terms some 
of the concepts fuiidanleiital to innnunology. 

Knowledge of antigens, or the substances stinzulatiug 
iinniuiie responses in minds, has been greatly extended 
in recent years. Thanks to chcnlical fractionations, the 
ultracentrifuge, the Tiselius electrophoresis apfiaratus 
aid other powerful tools, one may no longer consider horse 
serum, for example, or an animal or bacterial cell, as “ an 
antigen,” but must recognize it as a collection of aiitigens, 

1 Four papers from a. spposium scheduled to be presentecl by the Genetics 
Society of America at the annual meeting of the American Associntiou for the 
Advancement of Science, which ww candled nt the request of the Office of 
Defense Transportation, December, 1942. 
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each with distinct properties and potencies. Blank- im- 
niun010gica.1 observations were and are difficult to inter- 
pret because this complexity was not taken into account. 
It is also apparent that many antigens are proteins and 
that most proteins are antigenie. Much work has been 
done showing that denaturation as well as introduct,ion of 
the most varied chemical groupings at almost any point 
of substitut,ion results in a definite change in immunologi- 
cal specificity. 

Now most of you will remember t,hat some time ago, in 
Avery’s laboratory, we found that type specificity among 
the encapsulat.ed bacteria depended upon another Bind of 
antigen. i’his type specificity was clue to a peculiar 
group of polysaccharides resistant to the usual sugar- 
splitting enzymes. The specific polysaccharide of each 
pneuniococcus type, for example, was different from those 
of other types, and conld be characterized by its distinc- 
tive physical and chemical properties. The sugars from 
types II aud III pueumococcus were obtained free from 
nitrogen, and were the first instances in which immune 
specificity had been rigorously demonstrated in a class of 
substances other than proteins. 

With this brief discussion of specificity as a basis, what 
can be said about the requisite conditions for antigenic- 
ity? It is obvious that we must have a complex structure 
and large molecules, and one of the important things 
seems to be the repetition of structural units. This is a 
highly probable consequence of the modern views of pro- 
tein structure. We also know that the specific carbo- 
hydrate of type III pneumococcus, for instance, is made 
up of many cellobiuronic acid units. Some multiple of 
this unit must function as the im~llunolo~icall~~ reactive 
grouping, for when the carbohydrate is partially broken 
down by mild hydrolysis the fra.gments of two or more 
units still react in anti-pneumococcus type III horse 
serum. Therefore we may assume that in order to func- 
tion fully as an antigen a substance of large molecular 
size must be of such nature as t,o allow repetit,ion of cer- 



taiii struc,tural units. Possibly for tllis i’easoii ordiuaq 
lipids do not appear to have a clear-cut, mtigcnic functiou. 

I think Dr. Landsteiner woulcl add t,hat ally sinlplc 
chenkxl substance 1na.y also fumtion as an antigel cspe- 
c,ially if tlie chemical properties ax such as to allow its 
combination with protein t,o for111 new antigens. ClOlll- 
pies stmcture is not. necessaq-, t.lierefore, if ;I iiu~nbei* of 
molecules of a snlallcr entit.y can conlbine to for111 part’ of 
a larger stkture. 

With regarcl to alltibodies, t,he inullnnc subst~nl~acs eu- 
geiidercd iii animals as a result of the aiit,igenic stimulus, 
we are iii a position to be qually defiilit,e. USC of uew 
quantitative cheinicxl inic~oana.l;rrtical iiiethods made it 
possible to measure antibodies in sera in actual wciglltj 
units. One could, for t.lie first time, express antibodies 
iii tcmis of specific iiit.rogen per mbit ceiitimct~er of 
serum, because after precipitation with a sligllt csccss of 
antigen non-specific nlaterial could be washed out. Rime 
the amount of nitrogen in tlie added antigeu is known this 
may be subtr&ed aud the residual uit,rogen in the washed 
precipitate is clue to the antibodies. Highly purified anti- 
body solutions obtained as a consequence of iufornlation 
gained by these new methods were esamincd in t,he ult,m- 
centrifuge and electrophoresis apparatus and were show11 
to have the propei4ies of typical serum proteins. 

Buchuer’s hypothesis that antibody contained I’rag- 
inents of antigen was proposed at a time wlieii the act,ua.l 
nature of antibodies was uot understood. This hypothe- 
sis ilever appealed t,o the chemist, because iu a number of 
iustaiices like repels like, rather than &tracts. In 1932 
Breiul and Haurowitz proposed a theory t,hat antibodi.es 
are formed by a luodification of t,he nomlal process of 
serum globulin synthesis as a result of penetration of 
antigen or specific portions of the antigen to the sit,e of 
globulin synthesis. The disturbance so brought about in- 
flueiices the course of that synthesis in a sense cliai,acter- 
istic of the antigen so that when t.he modified globulin ap- 
pears in t,he circulation and again encom~tem the antigen 
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interaction is possible. This uot V~I*,V elei~.~ pict,ure W;IS 
later expressed iii soiiiewliatI more definite fori by Mud& 
Au extension of this hypothesis has i~ecciltly becu nlade 
by Pnuling which is eveii iuoi’e graphic and rcasoiial~le 
bk as devoid of esperiulental bnsis a.6 t.hc Rreinl and 
Hsurowitz theory. The Pauliug lqyot,lmis carried n 
second idczk--that if one could t&c normal globulin, deiin- 
ture it aiid fold it up a.ga.iii iii the preseilc~e of aut,igen, 
artificial procluct,ion of antibodies might be accoin~~lislied. 
Pauliiig uow believes he lms bceu successful in this, but. 
such det,ails of his cspcriiiiciits ;1s have been publislicd do 
not hclude coiiiplet~e controls. Huriiet has rccelit.lg- pro- 
po~cd the ol*igiii of antibodies tlirougl1 iiiodificatiou b> 
a.iitigen of iiitracellu1a.r p~ot~euses wliic~li provide t.llc 
frniuewoi~k for sgiitliesis of partial replicas of thinselves 
(globuliiis or antibodies). This would provide for ;ult,i- 
l)ody foimation after destluctioii of nutigen and for pro- 
gressive olraiiges iii ant,ibodies wit,11 successive iiniilunim- 
tioiis. 

T~Nx~ thories of antibody fomlation have been giT-en 
n plq~siological basis in recent ycm’s by Dr. Florcmc 
Snbiii as a result of espcriniental work with a mcl protein 
dye. Dr. Salki 1~1,s observed u~~cropl~ngcs in tile onxu- 
t,uui and cells of the ~etic.nlo-eudotllelixl sysstc~ili ailcl found 
t.lmt, at a .ccrtnin stage of developiiie~it, sui*face layers 
wliicli foim folds waviii g 1~21~ and forth fhmllp disap- 
pcaiwl as if thy were bciiig cstrudcd f 1~0111 these cells. 
Slie lxlieves tliis to be t,lie souk of semis glolmliiis. and 
t,llat tile prescuc,e of au nntigeu (for csaiuplc, the red pro- 
t,eiil due) results iii tlic qmzifie iuodification of t,llesc glo- 
1mliIis bit,0 t.lic nppropriatc~ antibody. 

Now for a few applicat~ions to genetics and biology : 
Nuttall’I;; pioneer worlr oii the mapping of l~iolog$xl i’c- 

lntioiiships tlirougli t,lie st,udy of the iiiternction of auiilii\l 
sera with niitiboclies forinecl when these sera. are injoct~cxl 
iiito a stanilai*cl ailhi sucll a.s the ixhbit w;Is Illost; fruit- 
ful and INS bccu est~eiiclcd by nuiiierous woi*kcrs. The 
iilliiiuiiocllcnlist 1ln.s shown t,llat, int~c~p~~ctat~ioll of t,lle conl- 



pies fiiidiligs is oft,eu siuiplificd if a, siiiglc pi~otciii is used, 
rat,lier than seluin, wliieh we know t,o be a coitq~les luis- 
hire of dbuuii~l, at lea.st t.hec globulins, coliiplciimit 
wit,11 it,s four couipoiieiits, al,Kl other nhor sul~st;luccs, all 
or most of which may fuiictioii as aut,igens aiicl cause over- 
lapping 0~ zone effects in m~ctioiis with antisera. Nor is 
it certain t1ia.t precipita.t,iou in cliffe~eut antisera is dwa.ys 
due to the sanie mtigeii whcii such a. niistnrc is usctl. 

An cstx9uc inst,;lucc of the siiiiplification wrouglltby tllc 
use of pure, crystalline proteiiis was the clcii~onstmtiori 
by Laidsteiiier mid iuysclf of the non-iclciiti~~~ or iclentity 
of t,lie osylienioglol~iiis of various spcc.ics hy iL physical- 
clleuiicd (solubilit,p) iiictliocl as well as by the serological 
tecliuiqnc. Ry use of the qumtitntivc prccipitin iuethocl, 
in which tJ1e auiouut of ant~ibody nitrogen pimipitated by 
a single purified antigcu is ineasurecl, iufoimatiou 2s to 
species rel~~tionsliip:: may be gaiiicd that is uuolhinalslc 
by qualitative ineasumnxmts. Iii t,liis way Stokingcr ancl 
I were able to sliow the close I*elationship, but lack of 
identity, of sheep ailcl boviiic tl~y~oglobuliiis, a.lld to 
clcii~oiistixte that eveii t,liis organ-specific globulin llor- 
il~oiie possessed a spcc.ie8-speeificit~ cutirely iuclcpcuclei~t 
of dint of the coi~l~esyoncling scruni glolnilins. T\:itli the 
smle quautitativc n~ethocl Trcffers, Moore ;1uc1 I we1.e 
able t,o give a. plausible esplnna.tiou fol* the cliffe~cWm 
sliowii by noriiial horse y-glob&i ailcl ailtipiieunloc,occL~s 
horse y-glohulii~ iii rabbit ant,isera to the .ant~ilmdy 
(110rsc). 

It. is not, always i1c’cmsary, lloweve~*, 1101’ is it, IIcccs- 
sa.rily au aclvaiitage, t.0 study the inmuuologic~~l 1)cliavioi 
of single nnt,igcus, as Irwin aiicl his collaboi*i~t~oi~s llnve 
sliowii iii their iiitxk~te but clea.rly clcfiuccl st,uclics of the 
nuniei*ous gene-liul~tril antigens of n.viaii aucl 1li:tumialian 
red cells. hiothcr fruitful ~iiiiinuuological ;~pproitch to 
geuctic pl~oblcn~ 1~s been n~acle 1)~ Tyler in his studies of 
t.lic agglutiuatiou of spci*iii by e,, (“0 substallcc?s of A lhcan. 

Tllc disc.ovcrp of the specific l~ol!rsnccllaliclcs of pucn- 
IIIO~OCCLIS in Avery’s lnborat,orp nncl the lxxoguit,ioll tlml 
these sugar clerivat,ives arc the cleterulinants of type- 
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speciiicit,y in t,his and other groups of lx~.t~l~ogciiic niicro- 
org:ciiimls have lecl to far-reaching results, iuost of whirl1 
nix? beyond t.hc scope of this lcct~ure. However, Griffith’s 
initially nlniost uiibclicvnble ilixcovery tliat one pmmno- 
cocw~s t.ype conlcl be couvci~ted iuto aiiotlier has iinpor- 
tant in~plica.tioiis, not only iu cai~boliycl~nte cllemistry ad 
hctei.iology, but. in geueral biology and gciietics as well. 
As many of you know, pnemnococci of Type I, for 
esaniple, ina~ be degixclecl to a foml devoid of tppe- 
specificity aid then coiivert,ed, tlu.3oret~ically, at least,, back 
to the oiigiual type, or into any one of some forty-odd 
other types. This was originally accon~plislled 1)~ grow- 
ing tllc clegixclecl dls in t.llc presence of a hat-killecl 
suspciisiou of pneuinococ.c,i of t,he tgc hit0 which the liv- 
iiig cells were to be coi~vertccl. Studies by Avery, Daw- 
so11 aid Alloway showed, liowevel*, that certain ext,racks 
of tylmspcciiic piiemnococci cont.aiued a substance or sub- 
huices i~espoi~silde for t,llis eonve1*sion, and tl1a.t the type- 
specific ct~.rbollychates tllem3elves wcm not the clet~erinin- 
ing fa.ct0i.x. Thus, nn;r- pneun~ococcus cell is pot,ent,inllp 
able either to synthesize, one at. R tinle, nearly fifty cliffel~- 
eiit specific pol~saccl~n~icles or niay he so influe~lcecl by a. 
series of sulxtanc~es that me11 varied syntheses becoine 
possible. The illnnunocl~enlist must leave it, t,o t,lle goneti- 
cist to clecicle wlletlier or not these processes are true 
iiiutntioiis, ht. I am liappy to say that Avery is continuing 
the study of the ti*aiisfoimiig principle, and the eventual 
eluciclatioii of its nature is certai11 t,o t,llrow ligllt. 011 t,llis 
and iiimiy otlier quest~ions. 

These are nlel*elT a. few of t.lle illstances ill wllicll inl- 
i~iuiiological and i~~~uin~~ochen~ical iiietllocls hare pi*oriclecl 
nii iiisigllt iuto biologicd niecliauisiim To give a n1o1*e 
coinplete smniiiaxy would cam? me far beyond the dlot~tecl 
time, but I hope you will recall other esainples whic.11 I 
wo~~lcl have liked to inention. More inipolhiit, liowevci’, 
I hope that Uiose of you who 11la.y Iiarc requiixxl tallis l’c- 
niincler of tlie possihilit.ies of these powerful t,ools will 
eoiisicler t,heiil as n.icls iii die solution of present. and future 
biological probleiils. 


